Introduction
Although frequency and scale of warfare under ancestral conditions are still subject to scientific debate ({Keeley 1996 #540}{Fry 2013 #554}), evolutionary scientists have presented arguments that many aspects of human social behavior might be products of a deep evolutionary history of deadly intergroup conflict in humans ({Alexander 1987 #575}{Mathew 2011 Here, we suggest that heroism in warfare -i.e. voluntarily taking disproportionately high risks to act to the benefit of fellow in-group combatants, including displays of aggression towards members of out-groups as well as altruism towards in-groups -may be a sexually selected trait. In short, intergroup conflict offers an arena for men (but not for women) to
show off their physical strength, courage, and leadership skills both to same sex rivals (intrasexual selection) as well as to members of the opposite sex (inter-sexual selection) -the latter we focus on here. 
2.
Three studies on the relation between war heroism and sexual attractiveness
We investigated our hypotheses in three studies, combining both archival data and vignette studies. In Study 1, we relied upon an archival dataset which provides a good test of our hypotheses because of its high ecological validity. We studied reproductive success of real war heroes, the recipients of the US Medal of Honor in World War II, to see if there are indications that war heroes enjoy greater reproductive success than regular soldiers. We complement the correlational findings of the archival study with two follow-up scenario studies which test whether heroism in war causally affects female preferences in mate choice.
We study whether women and men vary in their mate preferences for war heroes. Considering the significant physical risks involved, we hypothesize that, all else being equal, male warriors are deemed sexually more attractive and female warriors sexually less attractive by the opposite sex (see {Campbell 1999 #582}). However, directly after WWII, the US demography showed a sharp rise in birth rates (the 'baby boom'). We therefore include the birth years of all soldiers in the following analyses to control for this and other potential cohort effects.
We compare war heroes with regular veterans of WWII. This is a valid control group because a majority of the US-American soldiers of WWII were conscribed to conduct their military service in the war (about 61%; {Flynn 1993 #712}), and because a large share of all US-American men aged 18-45 at the time served during WWII. A control group of regular American adult males would potentially introduce a sampling bias, because there may be many different reasons, including health issues (which would affect their reproductive success) why these men did not participate in WWII. 
Regular veterans sample:
We constructed a reference sample of 449 WWII veterans by searching a huge online database of obituaries, legacy.com, using 'WWII' as the search term. Since this search yielded a huge number of results, we conducted 26 refined searches, one for every letter of the alphabet used as the first letter of the last name, and then sampled that veteran from every results page, whose obituary included most biographical information.
Using this sampling method, information on number of offspring was found for all 449 of these individuals.
Results
We controlling for birth cohort, the war heroes actually sired more offspring than the regular veterans in the control group. Table 1 about here
Discussion
The results of Study 1 are supportive of our main hypothesis: war heroes seem to have is even more noteworthy, that a difference in the number of offspring could be found between these samples of regular veterans and war heroes.
Another potential bias concerns missing data. We were unable to find offspring data for 75 of the 198 Medal of Honor recipients (38 percent) who survived WWII. We cannot rule out the possibility that offspring counts differ between these groups. However, comparing the available data on year of birth yields no significant differences between these two groups (Mann-Whitney-U = 4,364.5, p = .53, two-sided). This indicates that those recipients for whom we could not find data on offspring do not systematically differ from the others (i.e., data is presumably missing at random).
It must still be noted, though, that regular veterans who did not marry or did not reproduce might be less likely to have an obituary, which could bias our results. We controlled for this by comparing only those soldiers who survived WWII and had one child or more (regular veterans: N=415, recipients: N=114). Results are shown in Table S1 . compare our control sample and our sample of recipients, we also find no systematic differences between those soldiers for whom we have data on offspring and those for whom we do not (see SI for further details).
Finally, our archival study, like all studies of its kind, can only yield correlational evidence in favor of our hypothesis. Importantly, we do not have information on the date of birth of the offspring. Therefore we cannot show conclusively that the heroism signal (displaying behavior that lead to receiving a medal of honor) precedes increased reproductive success, and thus that heroism in warfare causally influences reproductive success. We therefore followed up on Study 1 with an experimental scenario study, allowing us to investigate whether war heroism causally affects female sexual interest.
Study 2

Materials and methods
This study was designed to test for effects of engaging in intergroup competition and displays of heroism in three different contexts: war, sports, and business. Ninety-two female university students (M(age) = 19.55, SD(age) = 2.57) from a large university in the United Kingdom participated. They were randomly assigned to one of three conditions ('no intergroup conflict' vs. 'intergroup conflict' vs. 'intergroup conflict with heroism') in one of SEXUAL SELECTION FOR WAR HEROISM 11 three contexts ('war', 'sports', and 'business'). Thus, for each context each participant read one vignette and every subject in total read and evaluated three vignettes. The order of presentation was randomized so that a systematic interference (e.g. order effects) of the three context conditions can be ruled out.
The vignettes for the war context read as follows (for the other vignettes see the SI, Table S4 "How attractive, in general, do you find John?" and "Would you want to go on a date with John?" Participants answered by means of a 1 ('not at all') to 7 ('very much so') scale. These questions were averaged to obtain a single attractiveness score (Cronbach's α = .86). 
Results
-----------------------------------Insert Figure 1 about here -----------------------------------
Discussion
Study 2 provides additional support for a sexual selection hypothesis of war heroism.
In support of the archival study women consider soldiers who display heroic acts in war more attractive than soldiers who do not. Study 2 also shows that heroism in warfare is a domain specific signal that increases attractiveness of males as a mate. Recall that we did not find evidence of an increased attractiveness of men who are heroic in business or sports. This suggests that heroism only benefits men when it is displayed in the context of warfare. This comparison should also be interpreted with some caution. Displaying heroism in a sports or 
Study 3
Study 3 was designed to replicate and extend the findings of Study 2. First, we test whether soldiers need to display heroism during intergroup conflicts (i.e. war heroism), in order to be regarded more attractive by women, or if heroism alone (i.e., heroism not linked to aggression against an out-group), suffices to do so. To test this, we compared a scenario in which the soldier showed heroism in warfare to a scenario in which heroism was displayed by a soldier during a natural disaster operation. Additionally we consider whether war heroism is a sex-specific signal. We included male participants in our sample and created scenarios of heroism displayed by either male soldiers or female soldiers. We hypothesize that female war heroes will not be considered sexually more appealing by men.
Materials and methods
A total of 340 participants (181 males, 159 females; Mage = 20.02, SDage = 1.61) from a large Dutch university participated for partial course credit. Participants were randomly assigned to one of four conditions, resulting from orthogonally manipulating warfare (vs. no warfare) and heroism (vs. no heroism). Participant's gender was included in the design by having male participants judge a female soldier and female participants judge a male soldier.
The total design was a 2 (heroism) X 2 (intergroup competition) X 2 (gender) quasiexperimental design.
Participants were presented with a short vignette describing a male or female soldier, who was the leader of a small platoon of 4 persons in total. In the intergroup competition SEXUAL SELECTION FOR WAR HEROISM 14 conditions it was described this soldier had gone to a warzone and returned unharmed. In the no-intergroup competition conditions the soldier was described as having been to natural disaster areas (e.g. flooded areas). Female participants received a vignette in which the soldier had a typical male name. Male participants got a vignette in which the soldier had a typical female name. Heroism was manipulated by adding to the scenario that on return a decoration was bestowed upon the soldier for his/her actions in the war zone or the natural disaster zone (see the SI for the exact scenarios).
We improved on the reliability of the dependent variable , sexual interest, by expanding it to a five-item scale, containing the two items from Study 2 and three additional 
Results
We used linear regression to analyze the data. All independent variables were effect coded (heroism: -1 = no heroism; 1 = heroism; intergroup competition: -1 no competition; 1 = competition; participant's gender: -1 = male; 1 = female). A model with three main effects and all higher-order interactions indicated there was a significant three-way interaction (β = .12, t(332) = 2.30, p = .02). The main effect of sex was the only other significant effect (β = .32, t(332) = 6.22, p < .001), indicating that, in general, female participants considered the soldier more attractive (M = 3.95, SD = 1.20) than male participants did (M = 3.11, SD =
1.28).
We proceeded to analyze the three-way interaction by probing two first-order interactions between heroism and intergroup competition. The first-order interaction for female participants was marginally significant (β = .14, t(332) = 1.85, p = .065), while the interaction for male participants was not significant (β = -.10, t(332) = -1.38, p = .17). Simple slopes analyses indicated that heroism increased the attractiveness of a male soldier as judged by a female participant when it was displayed in a warfare context (β = .23, t(332) = 2.11, p = .04), while heroism did not increase the attractiveness of a male soldier in a non-warfare context (β = -.05, t(332) = -.50, p = .62).
-
Discussion
Study 3 provides additional support for our main hypothesis and extents the findings of the previous studies in several ways. First, we replicated the general effect that war heroism increases the perceived mate quality of males who engage in intergroup conflict. We showed that this effect is specific to the gender of the observer and the context in which this signal is displayed. First, this study showed the gender specificity of the heroism signal because female participants only found war heroes (of the opposite sex) more attractive. Indeed, male participants did not rate a female soldier who displayed heroism as more attractive. This provides evidence for the hypothesis that sex differences in intergroup conflict can have an evolutionary origin, as only males seem to benefit from displaying heroism in intergroup conflict. Second, we showed that heroism is a domain-specific signal, as displayed heroism only had an effect on attractiveness in a setting of intergroup conflict. Indeed, soldiers who displayed heroism were only considered to be more attractive when they displayed heroism in a warfare context, on not in another context frequently associated with the army (helping out during and after natural disasters). This adds additional evidence for our hypothesis that heroism is a positive signal in a warfare context only to our findings from Study 2, in which we showed that heroism did not increase the perceived attractiveness of a potential mate outside a military context. This study adds to these findings by showing that, even in a military context, heroism only increases the perceived attractiveness of a mate in a warfare context.
General Discussion
In three studies we provide converging support for a sexual selection hypothesis of (male) war heroism. First, archive data of US Medal of Honor recipients in WWII suggest that war heroes have greater reproductive success than regular veterans. Second, two experimental vignette studies show that women are more sexually interested in men who engage in heroic acts. This effect is domain-specific and sex-specific: The effects are only found in the warfare scenarios and they are only found for male war heroes, not for female war heroines.
We combined different methodologies to increase the validity of our results. First, archival data is high in ecological validity. At the same time, it is not possible to make causal inferences based on archival data and the possibility of confounding factors can be problematic when drawing conclusions. In order to compensate the methodological shortcomings of the archival study, we complemented its results with two experiments.
Experiments, although low in ecological validity, allow for causal conclusions. Moreover, due to the nature of random assignment, confounding variables are of much less concern in experiments. Importantly for the present paper, both methodologies converge on the same conclusion: males who display heroism in intergroup conflicts receive reproductive benefits compared to males who do not display heroism. Future studies could examine if the actual presence of women in combat increases men's motivation to behave heroically. Unbalanced sex ratios -proportions of men to women -in a society could also influence men's propensity to engage in warfare. We suggest that men are more prone to act heroically when there is a male-biased sex ratio in a society ({Schacht 2014 #711}). Additional research questions are whether women's preferences for war heroes vary with fluctuations in the menstrual cycle or with individual differences, for instance, in the extent to which they pursue short-term versus long term sexual strategies ({Gildersleeve 2014 #714}). Additionally, do women find war heroes more attractive if their heroism is displayed in the form of aggressive actions such as killing enemies, or altruistic The main conclusion from our studies is that war heroism likely benefits men because it increases their sexual attractiveness and as a result, their reproductive success. Our findings suggest that the role of sexual selection must not be ignored in understanding the roots of warfare and in the way men fight wars. 
